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Molecular Models of Nanodiscs for Studying Membrane Proteins
Iwona Siuda, D. Peter Tieleman.
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In recent years an engineered form of discoloidal high-density lipoprotein par-
ticle, called nanodisc, has been proposed as a platform to study membrane pro-
teins. A nanodisc is a non-covalent assembly of phospholipids and two
membrane scaffold proteins which wrap around the bilayer, shielding the phos-
pholipids’ hydrophobic alkyl chains from the aqueous environment. During the
reconstitution process a membrane protein is simultaneously assembled into the
nanodisc core. The nanodisc forms a soluble lipid bilayer that enables mem-
brane protein function and stability in solution while also preventing unwanted
aggregation.
In this work we present an automated method for building arbitrary nanodiscs
and example applications to membrane proteins from different families. We use
the MARTINI coarse-grained (CG) force field with the elastic network model
ELNEDYN to generate initial configurations of membrane protein-loaded
nanodiscs, where the size and composition of the system is fully controlled.
The system can be studied using either CG molecular dynamics simulations
to analyze properties like lipid mixing and packing in the nanodiscs, or back-
mapped after equilibration to an atomistic resolution for more detailed
analyses.
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Influence of Yersinia Pestis Lipopolysaccharide Structure upon Outer
Membrane Dynamics: Insight from Molecular Dynamics Simulations
Thomas J. Piggot1, Syma Khalid2, Richard B. Sessions3.
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Chemistry, University of Southampton, Southampton, United Kingdom,
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Yersinia pestis, the causative agent of plague, is not only still prevalent in
many different parts of the world but is also classified as a potential biological
warfare agent. Y. pestis is a Gram-negative bacterium and is therefore sur-
rounded by two membranes. The outer of these two membranes is arranged
with an asymmetric lipid distribution; phospholipids comprise the inner leaflet
of the membrane, while the outer leaflet contains the complex glycolipid lipo-
polysaccharide (LPS). Not only is this outer membrane important in func-
tioning as the first barrier that molecules must cross to enter the bacterial
cell but also because it is a potential target for antimicrobial drugs. The
LPS within the outer membrane of Y. pestis is unusual in the fact that it
undergoes substantial, temperature-dependent, structural variation. This tem-
perature dependence of the LPS structure is important in both resistance to
antimicrobial peptides and the ability to evade the human innate immune
system.
In this presented work, we aimed to explore the details of the molecular inter-
actions which govern the properties of the outer membrane of Y. pestis. In
particular, atomistic models for the different temperature-dependent structural
variations of the LPS have been constructed. Subsequent molecular dynamics
simulations have elucidated the impact of these structural changes upon the
properties of the outer membrane. Finally the impact of the addition of a
cationic monosaccharide to lipid A, a common structural variant that increases
the resistance of Y. pestis to cationic antimicrobial peptides, has also been
explored through molecular simulation.
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Computational Studies of Nile Red in Lipid Bilayers
Gurpreet Singh, Adam C. Chamberlin, Sergei Y. Noskov, D Peter Tieleman.
Biological Sciences, University of Calgary, Calgary, AB, Canada.
The dye 9-diethylamino-5H-benzo[a]phenoxazine-5-one, commonly known as
Nile Red, is a fluorescent molecule whose position of excitation and emission
maxima are dependent on the polarity of the solvent. The dye is mainly used as
a probe for the determination of the lipid microenvironment.
In this presentation we discuss the development of a methodology for the
prediction of the optical shifts of Nile Red in various lipid bilayer environ-
ments. This approach incorporates: 1) development of an improved MMmodel
of Nile Red, 2) Potential of Mean Force (PMF) calculations to determine the
orientation and position of the dye in the bilayer, 3) clustering to identify repre-
sentative configurations and 4) combined QM/MM calculations to predict the
spectra of each selected configuration of Nile Red in a bilayer. We will also pre-
sent preliminary results highlighting the application of the newly developed
methodology.2353-Pos Board B490
Molecular Dynamics Studies for the Sugar Transportation Mechanism in
Phosphotransferase Systems (PTSS)
Jumin Lee, Wonpil Im.
The University of Kansas, Lawrence, KS, USA.
All living organisms not only need saccharides as nutrition but also use them as
recognition markers by forming glycoconjugates. Therefore, a set of processes
for sugar transport into the cell through themembrane is necessary for living cells.
In bacteria, it is well known that sugar is transported into cytosol through the cell
membrane by phosphoenolpyruvate-dependent phosphotransferase systems
(PTSs). However, the detailed mechanism of how PTSs transport sugar through
the cell membrane is still elusive. In 2011, Cao et al. first determined the crystal
structure of an occluded state of membrane protein EIIC, which is the most
important component in PTSs, of chitobiose-specific PTS. Even though the crys-
tal structure can be used to suggest potential sugar transportation mechanisms,
structural information of outward-open or inward-open states are needed to iden-
tify the correct mechanism. In this study, we model the plausible structures of
outward-open states of EIIC by performing three independent rigid-body rotation
molecular dynamics simulations in explicit membranes. Our model structures
provide several key points that stabilize the outward-open states and give insights
into the saccharide transport mechanism. This study could be a base for finding
the reasonable mechanism of the saccharide transport and further experiments.
2354-Pos Board B491
Effect of Asymmetry on Bilayer Membrane Systems
Soohyung Park, Wonpil Im.
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Many biological processes, such as membrane fusion and the action of micro-
bial proteins, involve asymmetric uptake of proteins. In addition, it has been
demonstrated that large mechaosensitive channels open by the asymmetric in-
clusion of lyso-lipids in the bilayer in the absence of external pressure. These
phenomena can be interpreted in terms of the asymmetric local pressure profile
in the bilayer, which lacks the quantitative understanding. By noting that such
asymmetric pressure profile can be induced in bilayer membranes with asym-
metric number of lipids between leaflets, to provide quantitative understanding,
we performed molecular dynamics simulations of 1,2-dimyristoyl-sn-glycero-
3-phosphocholine (DMPC) and 1-palmitoyl-2-oleoylphosphatidylcholine
(POPC) bilayer membranes for a set of systems with different level of asymme-
try with and without gramicidin A (gA) or WALP23. We observed that even
highly asymmetric lipid bilayers with and without gA or WALP23 were stable
during the whole simulation time, which is consistent with the previous study of
dipalmitoyl-phosphatidylcholine (DPPC) bilayers [J. Am. Chem. Soc. 131,
15194 (2009)]. As the number of lipids in the lower leaflet becomes smaller,
the lipids are more tightly packed in the top leaflet and less ordered in the bot-
tom leaflet, which are quantified in terms the lateral pressure profile, the order
parameter, the area per lipid, etc. However, the hydrophobic thickness for pure
lipid bilayers does not show meaningful dependence on the asymmetry, which
results from the stretched and less ordered lipids in the upper and lower leaflets,
respectively. We will also discuss the influence of the asymmetry on the prop-
erties of protein-lipid interactions, such as the distance dependence of the lipid
properties and the interaction patterns around gA or WALP23.
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Iron is essential for pathogen’s survival and virulence in the host and it requires
specialized mechanisms for uptake and storage. PhuS is a cytoplasmic heme-
trafficking protein in the opportunistic Gram-negative pathogen Pseudomonas
aeruginosa. Heme binding to PhuS has been thought to occur by an induced-fit
mechanism. However, this assumption is recently challenged by the structure of
the holo form, which shows no significant difference from the apo form. To
resolve the controversy, we performed molecular dynamics simulation of the
apo form of PhuS. We found that the apo PhuS samples a conformational space
distinct from the holo structure, thus providing new insights into the mecha-
nism of heme trafficking in P. aeruginosa.
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Aquaporin-0 Water Conduction Regulation by Calmodulin
Thanh Bach1, Lucas Montgomery1, Ugur Akgun2.
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Aquaporin-0 (AQP0) contributes to the nurturing and cleaning of the eye lens
of waste product. It is a tetrameric protein composed of four identical
468a Tuesday, February 10, 2015monomers, each of which has its own water pore. AQP0 water conduction is
regulated by pH, Ca2þ concentration, and the phosphorylation of Serine resi-
dues at the C-terminal. High cellular Ca2þ concentration enhances the binding
of Calmodulin (CaM), a Ca2þ dependent protein, to AQP0 from cytoplasm.
Molecular Dynamics (MD) simulations performed to investigate the effects
of two Calmodulin binding to AQP0 tetramer revealed free energy barriers
up to 6 kcal/mol for water conduction. MD simulations also exposed three
distinct locations, where the water molecule’s pathway changes between
AQP0-CaM model versus AQP0 open model.
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Resolving Membrane-Protein Complexes with Joint Neutron Reflectivity
and Molecular Simulation Refinement
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Biomedical Engineering, Carnegie Mellon University, Pittsburgh, PA, USA,
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The structural characterization of membrane-associated proteins on fluid lipid
bilayers remains a challenge in structural biology. Neutron reflection (NR)
from engineered planar interfaces has emerged as a method that provides sub-
nanometer resolution of protein-membrane complexes in a functional lipid
environment. Interpretation of NR data gives a scattering length density
(SLD) envelope, which describes the distribution of protein density normal to
the membrane. A full interpretation of the SLD profile requires knowledge of
the internal structure of the protein. However, for intrinsically disordered protein
regions, multiple conformational states contribute to an SLD density profile that
cannot bemappedback to a single structure.A completemolecular interpretation
then requires sophisticated modeling approaches. Molecular Dynamics (MD)
simulations are a well-established tool for studying the structure and dynamics
of biomolecular systems, including protein-membrane complexes. We previ-
ously used MD simulations to refine NR results beyond the limits of scattering
resolution. However, such studies are often plagued by long equilibration times.
To better interpret the limited structural information from NR, we designed an
algorithm that implements a potential to bias MD simulations toward configura-
tions that reproduce the experimental results. The potentials are determined by
comparing experimental SLD distributions with time-averaged profiles from
the molecular simulations. These are converted into steering forces that become
weaker as the resulting simulation profiles match the experimental results more
closely. This results in guiding the structure toward the desired configuration,
rather than rigidly confining it to the experimental density. Here we show appli-
cations of this method to model peptides and small protein systems.
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A Computational Study of Mono- and Poly-Ubiquitin Recognition by the
Proteasome Subunit Rpn10
Yi Zhang.
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Accurate and timely protein degradation is a vital cellular process. Protein
degradation is performed by the 26S proteasome complex, a large multi-
subunit molecular machine that recognizes, binds, and degrades protein sub-
strates covalently bound to poly-ubiquitin tags. The 26S proteasome, which
recognizes ubiquitin tags through its subunit Rpn10, has a preference for bind-
ing K48-linked tetra-ubiquitin chains. However, Rpn10 and its homologs usu-
ally have only one or two ubiquitin binding sites, located on their long and
flexible C-terminal arms. Here, to examine the role of Rpn10 in the 26S protea-
some preference for tetra-ubiquitin tags, we perform molecular dynamics sim-
ulations of Rpn10 bound to mono-ubiquitin and poly-ubiquitin chains. To
overcome timescale and sampling limitations, we use a combination of a hybrid
model force field (PACE) and temperature replica exchange molecular dy-
namics (T-REMD) simulations. The performed simulations characterize in
detail Rpn10 binding to its ubiquitin partners and identify transient contacts
that could stabilize Rpn10 (and 26S proteasome) binding to poly-ubiquitin
chains. Our results demonstrate at atomic resolution how the flexible Rpn10
subunit contributes to the recognition of poly-ubiquitin tags.
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Evaluating Polyglutamine Peptide Monomers and Dimers with Enhanced
Sampling MD Simulations
Riley J. Workman, Jeffry D. Madura.
Chemistry and Biochemistry, Duquesne, Pittsburgh, PA, USA.
Huntington’s disease is a neurodegenerative disease characterized by mutations
causing polyglutamine (polyQ) repeats in proteins. Mutated proteins misfold,
aggregate, and form amyloid-like fibrils in the neuron. Experimental techniques
such as resonance Raman, circular dichroism, and ssNMR are used to analyzeproperties of polyQ systems, but lack the ability to monitor the molecular ag-
gregation mechanism. In this work, polyQ peptide monomers and dimers are
studied using molecular dynamics (MD) methods in order to better understand
early stages of aggregation. We have characterized the monomeric conforma-
tional ensemble of D2Q10K2 peptides in aqueous and protein-globule environ-
ments. We also investigate dimerization properties of these peptides. Adaptive
biasing force paired with MD is used to evaluate the dimerization free energies
and conformations of D2Q10K2 peptides. Classical MD is used to simulate the
favorable dimeric conformations in equilibrium, as to better understand the in-
teractions and dynamics of these structures. These results will be presented and
discussed.
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Polymerization of FtsZ at High Pressures: A Molecular Dynamics Study
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The prokaryotic protein FtsZ plays an important but poorly understood role in
bacterial cell division. Prior research has shown that GTP-bound FtsZ polymer-
izes in a ring-like structure called the Z-ring at the cell-septum site, where di-
vision occurs. The de-polymerization of the Z-ring upon hydrolysis of GTP
provides the mechanical forces needed for cell division. The present study
explored the hypothesis that polymerization of GTP-FtsZ is inhibited at high
pressures_preventing bacteria from dividing_and so explains the observed
morphological differences between bacteria samples grown at standard and
high pressures, respectively. We have computed Gibbs free energy difference,
DG, between monomer and dimer forms of GTP-FtsZ from Methanococcus
Jannaschii using molecular dynamics simulations. Our results suggest that
the difference in Gibbs free energy between the monomer and dimer states
of GTP-FtsZ decreases with pressures suggesting that the de-polymerization
of FtsZ is enhanced at high pressures. Furthermore, we find that DG first de-
creases slowly with pressures and then drops drastically hinting at a critical
pressure value Pcrit, beyond which depolymerization of FtsZ is significantly
more likely. Our simulation studies corroborate well with experimental results
of enhanced filamentation of bacterial cells at high pressures.
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The Nucleosome Core Particle (NCP) is the fundamental unit of DNA pack-
aging in eukaryotic cells. It consists of ~147 base pairs of DNA that are wrap-
ped around an octameric protein core. Despite extensive experimental and
theoretical work, the detailed physical mechanisms of important processes
such as nucleosome opening, NCP-NCP interactions, and chromatin folding
are not fully understood. Atomistic molecular dynamics (MD) simulations
can in theory be a useful method to study these processes, however the time-
scales accessible to MD simulations are too short to explore these mechanisms.
Therefore, we have used all-atom MD simulation data to derive a new Coarse-
Grained (CG) model of the NCP. In this model, NCP residues are modeled us-
ing spherical beads centered on the DNA phosphorus and protein a-carbon
atoms. DNA is represented by two types of beads that distinguish between
base pairs (i.e. A-T and C-G), whereas protein residues are divided into two
types based on their structure (i.e. a-helices and coils/loops). Force field param-
eters were derived using a hybrid approach of the iterative Boltzmann inversion
method for bonded parameters, and Force Matching for non-bonded parame-
ters. Our CG model significantly speeds up NCP simulations, and is expected
to be useful in examining nucleosome opening, NCP-NCP interactions, and
chromatin folding. Moreover, it is capable of reproducing the structural prop-
erties of the underlying atomistic system.
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We use molecular dynamics simulations to study the process of assembly of M2
into clusters and the subsequent induction of negative curvature on model lipid
membranes leading to the process of budding and scission observed experimen-
tally (Rossman et. al., Cell 142, pp. 902-913, 2010). Systems under study are
represented with the coarse grained MARTINI forcefield, with lipids having
various degrees of acyl chain saturation used to represent membranes at the
Lo and Ld states. Simulations with different acyl chain lenghts are used in order
to simulate various sphingomyelin lipids in order to study hydrophobic
